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‘BACKGRQJND G: THE | NVENTI ON 1. Field of the Invention The present vor !
i nvention relates to a crack re5|stant magnetic wite head and nore wers
particularly to a wite head with an enlarged overcoat |ayer portion
adj acent an air bearing surface (ABS) for absorbing stress arising from
| npacts and heat. 2. Description of the Related Art A typi cal
magnetic wite head has one or nore coil |ayers enbedded in an insulation
stack that is sandw ched between first and second pol e pieces. The first
and second pol e pieces are _nagn onect _ first and second
pol e tips separat ed mw&m{g %t‘&v%@&glfggéﬁ to forma gap at
an air bearing surface (ABS). The coil layer induces a magnetic field in
t he pol e pieces which fringes across the gap. The nagnetic wite head is
covered with an over coat BAGKGROUND OFcTHRE INVENTEONSf or enent i oned

conponent s. . .
1. Field of the Inventlon

The present invention relates to a crack resistant magnetic write head and more

particularly to a write head with an enlarged overcoat layer portion adjacent an air .
- bearing surface (ABS) for absorbing stress arising from impacts and heat.

2. Description of the Related Art . ' |

A typical magnetic write head has one or more c01l layers embedded in an
insulation stack that is sandwiched between first _and second pole pieces. The first and
second pole pieces are magnetically connected and have first and second pole tips
separated by a magnetically insulative gap layer to form a gé.p at an air bearing -
surface (ABS). The coil layer induces a magnétic field in the pole pieces which
fringes across the gap. The magnetic write head is covered with an overcoat layer for
protection of the aforementioned components. |
A combined head, such as a merged magnetoresistive (MR) hedd, includes the

“aforementioned write head as a write head portion combined with an MR read head
portion. The combined head is carried on a slider that is mounted on a suspension in
a magnetic disk drive. The suspension is mounted to an actuator which moves the
combined head over selected tracks on a rotating disk for reading and writing signals
thereon. As the disk rotates, a cushion of afr provides an air bearing between the disk
and the slider which counterbalances the loading force exerted by the suspension. The
. ABS, the surface of the slider facing the disk, is typically spaced about'.075 uym from
the disk when the disk rotates. When the rotation commences, the slider takes off
from the disk and rides on the cushion of air. When the disk stops, the slider lands
on the disk. This is referred to in the art as contact start and stop (CSS) operation.

Friction and heat are developed by both events.



A!cﬁnbined head, such as a nerged nmagnetoresistive (MR) head, includes the
.aforementioned wite head as a wite head portion conbined with an MR read
"head portion. The conbined head is carried on a slider that is nounted on a
suspension in a magnetic disk drive. The suspension is nounted to an
actuat or whi ch noves the conbi ned head ®ver selected tracks on a rotating
disk for reading and witing signals thereon. As the disk rotates, a
cushion of air provides an air bearing between the disk and the slider
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from one grack bgicallfhinsludeparfirst idsulation dyse1) on the first pole piece layer, one -
or more coil layers on the first insulation layer, a second insulation layer (I12) over the
- coil layer and a third insulation layer (I3) over the second insulation layer. One of
these insulation layers, typically the. first insulation layer, has a foi'wai'd central edge -
which eﬁtends-laterally and parallel to the ABS and defines the ZTH. This central
edge is typically located about 1-2 pm from the ABS!.
A portion of the ABS is formed by front edges of the thin film components
of the write head. These edges comprise thé front edge of the gap layer and the front
edges of the first and second pole tips. An ABS view of the write head shows a small
gap layer end disposed between a wide first pole tip end and a narrow second pole tip
end. The second pole tip end appears as a pedestal with first and second side walls
that are parallel to one another and perpendicular to the ABS. The second pole tip
is the trailing pole tip with respéct toa rotaﬁng disic. Accordingly, the lateral width
between the side walls of the second pole tip defines the track width of the write head.
Surrounding the edges and forming a portion of the ABS is a front edge of the
overcoat layer. The overcoat layer has a wide lateral expanse in both directions from
the first and second walls of the second pole tip. The overcoat layer also extends
.rearwardly toward the back gap, interfacing with the central edge of the ZTH~défining
" insulation layer, which typically is the first insulation layer. This interface extends
parallel to the ABS along substantially the full lateral width of the front edge of the
ZTH-defining insulation layer. Since the edge of the ZTH-defining insulation layer
is recessed only 1-2 um from the ABS, there is an extremely small volume of the

overcoat layer between the ABS and the edge of the ZTH-defining insulation layer.



by}a central recessed edge of the insulation stack which el evates the
second pol e piece above the first pole piece. It is desirable to |locate the
ZTH as near the ABS as possible in order to mnimze flux | eakage between

t he pol e pieces. The insulation stack_&ypically i ncludes a first insulation
| ayer (11) on the first pole piece |ayer, one or nore coil layers on the
first insulation |ayer, a second insulation |ayer (12) over the coil 1layer
and a third insulation layer (13) over the second insulatjon |ayer. One of
t hese i nsul at Aomagmefierwrite hesiddalal aminasion; ofsmany, empeness. | Kpbortuniptely o
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coil. Dﬁring contact start and stop, the ABS end of the head is subjected to both heat
~and impact loading. The head components are stressed and strained by these
conditions. The weakest region of the head is the small volume of the overcoat layer
between the ABS and the front edge of the ZTH-defining insulation layer. An
alumina overcoat layer absorbs stress well, especially since its modulus of elasticity
is reasonably close to that of the Permalloy pole tips. Unfortunately, the extent of the
alumina overcoat layer bétween the ABS and the front edge of the ZTH-defining
insulation layer is minimal. Impact loading at the ABS quickly affects the insulation
stack, which responds like jelly as compared to the other layers. Further, when
_heated, the insulation stack expands more than the overcoat layer, causing addi;ional .
stresses and strains at all iﬁterfaces with the insulation stack. It would be desirable
to increase the depth of the overcoat layer from the ABS into the head, but this is not
~ practical because the magnetics of the head would be adversely affected by an increase

in the ZTH.



-37 A magnetic wite head is a | am nation of many conponents.

, Unfortunately, these conponents are fabricated fromdifferent materials
~with different thermal coefficients of expansion and different noduli of
elasticity. Typically, the insulation sfack is photoresist, .the overcoat

| ayer and the gap | ayer are alum na (Al1203), the pole pieces are Pernall oy
(Ni[err]Fe[err]), and the coil layer is copper. The nodulus of elasticity
of the photoresist is 7, as conpared to 100 for alum na and 200 for
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SUMMARY OF THE INVENTION
The present invention provides an increase in the volume of the.overcoat layer -

adjaéent the ABS without increasing the ZTH. This is accomplished by recessing first
and second portions of the laterally extending edge of the ZTH-defining insulation
layer on each side of the second pole tip, leaving a central edge of the insulation layer
intact for defining the ZTH. In a plan "view of the thin film surfaces of the head, the
ZTH-defining insulation layer has a pair of recessed shoulders with a forwardly
projecting neck, the néck providing the central edge which defines the ZTH. The
central edge is maintained at 1-2 um from the ABS, to define the ZTH, as taught by
the prior art, while the lateral edges, which define the shoulders, are recessed from the
ABS, on the order of 5-6 um, since they are not needed to define the ZTH. This
allows the alumina of the overcoat layer to fill in the space given up by the lateral

- edges so as to provide an additional volume of the overcoat layer adjacent the ABS
for absorbing stresses and strains froni shock loading and heat. Experiments have
been conducted to show that write heads having ZTH-defining insulation layers with
recessed first and second lateral edges on each side of a central edge which defines
-the ZTH develop significantly less cracks than write heads that do'not have the
recessed first and second lateral edges.

A limitation on the amount that the first and second lateral edges of the ZTH-

defining insulation layer can be recessed is the location of the front edge of the coil
layer. The coil is located as close as possible to the ABS to minimize magnetic

saturation of the thin second pole tip. The front edge of the coil is typically parallel
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conditions. The weakest region of the head is the small volunme of the
gvercoat | ayer between the ABS and the front edge of the ZTH defi ning

i nsulation |ayer. An alum na overcoat |ayer absorbs stress well,. especially
since its nodulus of elasticity is reasopably close to that of the

Permal | oy pole tips. Unfortunately, the ®&xtent of the al um na overcoat

| ayer between the ABS and the front edge of the ZTH-defining insulation
|l ayer is mnimal. Inpact |oading at the ABS quickly affects the insulation
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Because of the &froRiechf thapressat invertion isto-minigyes crackive atithe ARS S 2
devel ops Cﬁ@%mimiwﬁeaaBS. The weakest point at the ABS is the inside
corners of tRe second pole tip. Cracks typically radiate fromthese corners
and m grat e | at AnatHey object #sdfioainerease the volume of the overcoat layer near the ABS

without increasing the ZTH of 2 magnetic write head.
A further 6bject isto conﬁgure a front edge of a ZTH-defining insulation layer
- so that a central portion of the front edge defines the ZTH and first and second latéral
portions on each side of the central portion are recessed from the central portion.
Other objects and attendant advantages of the present invention will become .
apparent upon reading the following description taken together with the accompanying -

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is plan view of a magnetic disk drive.
Fig. 2 is a view taken perpendicular to the plane II-II of Fig. 1.
Fig. 3 is a side view of the magnetic disk drive of Fig. 1. _
Fig. 4 is a view taken perpendicular to the plane IV-IV of Fig. 2 showing front
portions of a write head portion and a read head portion of a prior art head with an
overcoat layer in place.
Fig. 5 is an ABS view of the prior art head taken perpendicular to the plane
. V-V of Fig. 4. '
Fig. 6 is a plan view of the write head portion of the prior art head of Fig. 4
with the overcoat layer removed.
Fig. 7 is an enlarged front portion of the prior art write head of Fig. 6 witha
front portion of one of the coil layers, the insulation stack and the second pole piece

shown in hidden lines under an overcoat layer.



at~some lateral location and migrate toward these corners. Wth repeated

- stress, these cracks grow. This phenonenon and resultant degradation of

" head performance is reported in | EEE Trans Mag. 31, 2991, 1995 by Chekanov
et al. SUMVARY_COF THE | NVENTI ON The present
I nvention provides an increase in the volune of the overcoat |ayer adjacent
the ABS without increasing the ZTH. This is acconplished by recessing first
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. Fig. 15 is a series of steps involved in making the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings wherein like reference numerals designate like

or similar parts throughout the several views there is illustrated in Figs. 1, 2 and 3 a
magnetic disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magnetic disk 34. The spindle 32 is rotated by a motor 36 which, in turn, is
controlled by a motor controller 38. A magnetic head 40, which may be a merged
MR head for recording and reading, is mounted on a slider 42 supported by a
suspension 43 and actuator arm 44, A plurélity of disks, sliders and suspensions may
be employed in a large capacity direct access storage device (DASD) as shown in Fig.
.3. The suspension 43 and actuator arm 44 position the slider 42 to place the magnetic
head 40 in a transducing relationship with a surface of the magnetic disk 34. When
the disk 34 is rotated by the motor 36, the slider is supported on a thin (typically, .075
pm) cushion of air (air bearing) by an air bearing surface (ABS) 46 of the slider and
the magnetic head. The magnetic head 40 is then employed for writing information

to multiple circular tracks on the surface of the disk as well as for reading information



saturatlon of the thin second pole tip. The front edge of the coil is

t.ypi cal ly parall el -5-
to the ABS for 60-100 [err]m Accordingly, the first and second | ateral
edges of the insulation |ayer are preferghly recessed throughout the

| ateral expanse of the front edge of the coil on each side of the central
edge of the insulation |ayer thereby optimzing the volume of the overcoat

Iayer adj acent .t he ABS An obj ect of the present, |nv%n1|on is to
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t oget her wigditiém 62 athe @W@rﬁbmumpmymg an MR sensor-53. The MR sensor 53 is -
sandwiched between first and second gap layers 54 and 56 and the gap layers are

sandwiched between first and second shield layers 58 and 60. In response to external

magnetic fields, the resistance of the MR sensor 53 changes. A sense current
conducted through the sensor causes these resistance changes to be manifested as
potential changes. These potential changes are then processed by the processing
cucultry 48 shown in Fig. 3. |

The write head portion of the prior art head includes a coil layer 64 Wthh is
sandwiched between first and second insulation layers 66 and 68. A third insulation
layer 70 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 64. The first, second and third insulation
la_yers are referred to in the art as an "insulation stack". The coil layer 64, and the
first, second and third insulation layers 66, 68 and 70 are sandwiched between first
and second pole piece layers 72 and 74. The first and second pole piece layers 72 and
74 are magnetically coupled at a back gap 76 and have first and second pole tips 78
and 80 which are separated by a gap layer 82 at the ABS. As shown in Fig. 2 first
and second solder connections 84 and 86 connect leads (not shown) from the MR
sensor 52 to leads (not shown) on the suspension 43 and third and fourth solder
.connections 88 and 90 connect leads 92 and 94 from the coil 64 (see Fig. 6) to leads
(not shown) on the suspexision.

The second pole tip 80 of the write head in Fig. 6 has first and second side
walls 96 and 98 which are parallel with respect to one another and perpendicular to
the ABS. The second pole piece 74 has a flare point 100 which is where the pole

piece 74 flares out and forms a yoke portion of the pole piece. The coil 64 is located



BRI'EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is plan view of a magnetic

di sk drive. Fig. 2 is a view taken perpendicular to the plane Il-11
of Fig. 1. Fig. 3 is a side view of the nmagnetic disk drive of Fig.
1. Fig. 4 is a view taken perpengdicular to the plane IV-1V of Fig. 2
showi ng front portions of a wite head portion and a read head portion of a
prior art head with an overcoat |ayer in place. Fig. 51is an ABS

view of the prior art head taken perpendicular to the plane V-V of Fig. 4.
Fig. 6 i sasaclqdeads practicabito tie ARS seeah tachipionize saturationted the isecondrpolpdipd of
Fig. 4 with the overcoat |ayer renoved ront
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- 6- insulation stack defines a zero throat héight (ZTH), as shown at 102 in Fig. 4 and at

104 in Fig. 6. The ZTH is the location of the first separation of the first and second

pole pieces 72 and 74 after the ABS. A short ZTH will minimize flux leakage

between the first and second pole pieces. The first insulation layer 66 typically has

a laterally-extending front edge 104, as. seen in Fig. 6, which defines the ZTH between

the first and second pole pieces. The edge 104 is typically flat sd as to correspond

with a front flat edge 106 of a front coil of the coil layer 64. It should be understood

 that while the first insulation layer is typically the ZTI-_I-deﬁning layer in some

embodiments, the second or the third insulation layer may be the ZTH-defining layer.

In Figs. 7 and 8 there is shown an overcoat layer 110 which covers the

aforementioned layers of the write head. As shown in Fig. 8, the overcoat layer 110

is very shallow between the ABS and the ZTH forming a sleﬁder overcoat volume 112

which extends along the lateral expanse of the front flat edge 104 of the first

insulation layer 66. The depth D, of this volume from the ABS to the ZTH is on the

order of 1-2 um. Immediately adjacent this volume is the front edge 104 of the first

insulation layer 66 which is composed of photoresist. Because of the close proximity

of the front edge 104 to the ABS the first insulation layer 66, as well as the second

and third insulation layers, receive impact loading upon contact start and stop of the

magnetic head with respect to the rotating disk. Since the photoresist material has a

relatively low modulus of elasticity of 7, it is very compliant and shows a large

.deformation under a small stress. The overcoat layer 110 is typically constructed of

a much stiffer material, such as alumina, which has a modulus of elasticity of 100.
This modulus of elasticity is rélatively close to the modulus of elasticity of the first
and second pole pieces which is 200 for Permalloy. Another problem with the

photoresist material of the insulation stack is that its coefficient of thermal expansion

is 36 E-6/degree C, whereas the coefficient of thermal expansion of the alumina



Fig. 8 is a view taken perpendicular to.the plane VIII-VIIl of Fig. 7.

 Fig. 9 is a side elevation view of the present wite head taken al ong pl ane
I X- I X of Fig. 2 with the overcoat |ayer in place. Fig. .10 is an ABS
vi ew t aken perpendicular to the plane %X of Fig. 9. Fig. 11 is a

pl an view of the present wite head wth the overcoat |ayer renoved.

Fig. 12 is an enlarged view of a front portion of the present wite head of
Fig. 11 with a front, porti of gne of the coil |ayers, the insulatjon
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Is mounted on a slider 42 supported by a suspension 437 and actuator arm 44.

A pl ur al desirable dithk depthiofdke volame Hasmalkboresessed firthes imloathe head front ar ge
in Fig. 3. The

ity.difect t . deyi ce (DASD sh i
epens: HiF ASS, hAEEa bt Moal inierise vith e ThAgIetet oF Mhesbead iy sbrngiage

magneti Cthe ZTH. Because of the very small volume of the overcoat layer at 112 the head

develops cracks 114, particularly at the inside corners of the second pole tip, as shown
in Fig. 5. '

Figs. 9-13 show details of the present invention. The combiné& head 120:and
its write head portion 121 are the same as the prior art except the front edge of the
insulation stack and a corresponding adjacent internal edge of the overcoat layer are
reconfigured so as to minimize cracking of the head at the ABS,. as shown in Fig. 10.
The ABS has a laterally extending width dimension which extends perpendicularly to
the direction of media movement (see Fig. 1) and has a length dimension which
extends parallel to the to the direction of media movement. As shown in Figs. 11-13,
the front edge of the specially reconfigured first insulation Ia);er 122 has a central
edge portion 124 and first and second lateral edge portions 126 and 128. The central
edge portion 124 encompasses the second pole tip and extends laterally with respect

to _t_he ABS a short distance from both sides of the first and second walls 96 and 98
of the second pole tip, as shown in Figs. 11 and 12. The lateral distance is preferably
in the range of 6-7 um. If the distance between the side walls of the pole tip is on

 the order of 2 um, then the total length of the front edge 124 is about 12-14 yrﬁ. The
first and second lateral edges 126 and 128 of the first insulation layer 122 extend

laterally with respect to the ABS and parallel to the ABS in both directions from the



hegd 40 in a transducing relationship with a surface of the magnetic disk

34. When the disk 34 is rotated by the notor 36, the slider is supported on

athin (typically, .075 [err]m cushion of air (air bearing) by an air
beari ng surface (ABS) 46 of the slider q@lnd t he magnetic head. The nagnetic
head 40 is then enployed for witing ¥ ormation to mul tiple circul ar
tracks on the surface of the disk as well as for reading information

-7- therefrom Processing circuitry 48 exchanges signals representing
sai d i nf cemelifoontwedge 124e Theddteddl, edgeo V26l iand) 1288 tace retessed faitherafrem thed

rovidin trol] signalg f ving the slider 42 to vayio tracks.

& g. 4 ig\iﬁa&éhe Perteal edas T ohalt OBk %qfe@ﬂawt*eﬁ laferglgdges 1% aﬂ&rlggd ]
magnet or gsd Sty . | aS41 i rid a rea
nead: por o tsRtp el SRt Coptpbac PR i i VR J8L0f BB COlLADELS |2

sensor 5Jhesextantdef theerbcbasedadistafider 6f eacl of aheorlategdpedgay dRs ad 408 B6 and
the gap layers are sandw ched between first and second shield | ayers 58 an

60. In r8ePradsrt uppnetheciepessedrditance offthe fepnt edge 106 ofsthawed leyen hdheR

cene!  SHEARBAR A 198 SRS YRR oA B G

pot ent i akoit hayegas a3rto pehaiit qonfslersendafsnldtion ¢ff the @38 lager by the insulation
stack. The recessed distance D, of each of the lateral edges 126 and 128 from the
ABS may be on the order of 6-7 um. The recessed distance of the central edge 124
may be on the order of 1-2 um. With this arrangement the central edge 124 defines
the ZTH of the head at 1-2 um and the lateral edges 126 and 128, which are not
required to define thie ZTH, are further recessed into the head. The front edge 106
of the coil layer may have a lateral expanse on the 01.'der of 80 um. Accordingly, the
central edge 124 and the lateral edges 126 and 128 preferably have a similar lateral
extension of substantially 80 um. Since the majority of the front édge of the first
insulation layer 122 has been recessed further into the head, the depth of the volume
of the alumina overcoat layer is increased, as shown by D, in Fig. 13. Since alumina ‘
isa better shock absorber of impact loading at the ABS cracking of the overcoat layer
110 at the ABS is substantially eliminated, as shown in Fig. 10. _

Fig. 14 is a graph showing results of testing write heads with prior art ZTH- -
defining insulation layers as compared to the present invention which reconfigures the
front edge of the ZTH-defining insulation layer to accommodate additional alumina
of the overcoat layer. It can be seen that at 300°C, cracking of the head at the ABS

.is five times more likely with the prior art head (dashed line) as compared to the
present write head (continuous line).

A method of making the present inductive write head is shown in Fig. 15. The
ZTH-defining photoresist layer is spun on the first poI.e piece. The photoresist laver
is then masked with a mask which has a central front edge to define the ZTH and first

and second lateral front edges which are recessed from the ZTH. Light is then

d



circuitry 48 shown in Fig. 3. The wite head portion of the prior
sart head includes a coil |ayer 64 which is sandw ched between first and
second insulation layers 66 and 68. A third insulation |ayer 70 may be
enpl oyed for planarizing the head to 'elg_ri nate ripples in the second

insul ation | ayer caused by the coil |ay 64. The first, second and third
insulation layers are referred to in the art as an "insul ation stack"”. The
coil layer 64, and the first, second and third insulation | ayers 66, 68 and

70 are sanuagashibooughtthe araskiontn thermhotaresistdayss) aftesi which|thg photorezisalayer4. The

first and.second pal i layers /2 and,74 are netjcally coupled at a
back gap. Forsberd pedRrE bR Ko famin 0l bRk Soanaie lsgli, therFee™t

separ at ed |4%r & ftRel dnahe YT RUdefilRgABNlathéh ReVProvitify n ircrédsed tvohiifle second
sol der connections 84 and 86 connect |eads (not shown) fromthe MR sensor

52 to | ea®f timeversossvinyermadiacent thespBSsfosmingnizing erackiagafdtbe hiead at $b¢ der
connectio 8 and 90 connect |eads 92 and 94 fromthe coil 64 (see Fig. 6)
to | eads Eﬁ%’ shown) on the suspensi on. The second pole tip 80 of

the write head QGiéurfy, Bthétr &iaboditefits @i nfodefdations OF thil InveRford Mgl Becwhi ch
are parallel wth respect to one another and perpendicular to the ABS. The

second pokeadgy de thopa of ardinary|skilbinytbe art inodewof these teaghings Thereforeethis ece 74

flares ouloafifod 978 & VRGPS’ & ol AHSHRE' Salhs Shic il alf fuls

embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



-8-. * as close as practical to the ABS so as to mininze saturation of the
second pole tip 80. The insulation stack, which conprises first, second and
third insulation |ayers 66, 68 and 70, as shown.in Fig. 4, is also |ocated
as close as practical to the ABS. The ingyl ati on stack defines a zero

throat height (ZTH), as shown at 102 in"Ffg. 4 and at ' ' The
ZTH is the location of the first separation of the fallllmnmalmsmur“m")ol e
pieces 72 and 74 after the ABS. A short ZTH will m ni#m ze nl ux T eakage
between the first and second pole pi eCEaAIM$e first insulation |ayer 66
typically has a laterally-extending front edge 104, as seen in Fig. 6, -
whi ch defi nWE€ €h&IMH bet ween the first and second pol e pi eces. The edge
104 is typically, flat . 1 ' : 4@@ f a
front coil of thle' Cdﬁ%ﬁg@@xﬁ%ﬁ&%{:@?ﬁgﬁ?xg%%ﬁa e?@%g{%ﬁ%‘ﬁgfﬂ% I e tﬁe
first insulaémhof diyehedds they PiBS: hayinghe latdtallg efxiteridiveg Madgthr dimensiomewhich
enbodi nents, the second or_the third insul ation Iayeréggweg&g&gp .
ZTH def i ni rRxtngdy Merpendicularly tp Fidirgction gf gneshy pavemegt eg casion
| ayer 110 ' S for Nl i o] i .
shown in F\il@?ﬁg, g’ﬁ%rg‘{sox?é{@ggttgl %Sgralh%gﬁgs Lge@%ﬁghao}’g@f ét{vl\lgegﬁ? ehe%gs and
the ZTH f orgoniigistngs| ender overcoat volune 112 which extends al ong the
| at eral expanse of the front flat edge 104h£f A%ge fi ri?t, i nsuLg&d'&_ n, Igyer
66. The depth Dj&cell layer andsay dnswlation sfack.de g9d ayer Reingrem 8 €or der
of 1-2 [err; ,ately adjacent this volunme is the front edge 104 of
the first ilh%?%%%égayer' 66 which is conposed of photoresist. Because of
the cl ose proxi nfifsy and sédoadfpodépiceeige 104 to the ABS the first insulation
| ayer 66, as well as the second and third_ insulation |ayers, receiye inpact
| oadi ng upon corfhadesulatignistagh deingsandwiched betmgaa thedinsband seeomd pRISpIsCESt o
the rotating di sé<. Siar}ga_ the photoresist material has a relatively | ow
nodul us of el astlgﬂ%y b7, it is very conpliant and shows a | arge

the first and second pole pieces being magnetically connected at a back gap

and having first and second pole tips respectively which are separated by the gap layer
at the ABS; 'i
' an overcoat layer covering the coil layer, the insulation stack, the first and
second pole pieces and the gap layer;
the first and second pole tips, the gap layer and the overcoat layer having
forward surfaces which form a portion of the ABS;
the insulation stack fxa_ving a laterdly extending, centrally located neck portion
disposed between the first and second pole tips, the neck portion having a forwardly
located, laterally extending central edge recessed from the ABS and defining a zero _
throat height; - '
. the insulation stack further having first and second l_ateralIy extending lateral
edges on each side of the central edge;
said lateral edges being recessed further from the ABS than said central edge;
and
the overcoat laver having recessed edges which interface said central edge and

said first and second lateral edges of the insulation stack.



def ormati on under a small stress. The overcoat layer 110 is typically
constructed of a nmuch stiffer material, such as alumna, which has a

nodul us of elasticity of 100. This nodul us of el asti g Ty '

close to the nodulus of elasticity of t_[lg?_fi rst and sH Hm(“llﬂmlm '
which is 200 for Permall oy. Another problemw th the photoresi st saterial
of the insulation stack is that its coefficient of thermal expansion is 36
E- 6/ degree C, ereas the coefficient. of therm| e sion of the_ alum na
-9- over co\:g]- | ay@r cqmabigehgad)meluding-theawpifs; E?aﬁg%c a’(’ﬂg’ ﬁ{ﬁ"otCBF’é’éqeét

I nsul atiorhegaqﬁ&udingxpands six times as nmuch as the al um na overcoat | ayer.

Thi s expansion exerfs a force at the interfaces of the alum na overcoat

| ayer pushi ng id4 magnetorksistive ABR)véttipe and firs add rsegortdogapelagemst e t he over coat
| ayer fromthe secqopd pole tip. al | s caused f.riction during contact
start and stop ‘%ﬁ%ﬁ‘gﬂ%gﬁlﬁg SB’I‘A_"%SL%A EWGCP%%B\E/S@HQ SFeRnfssap tla§8’f‘?|sti mes

t he cracks dev ' vi.des a cutting edge at the ABS of the
head. Wen thi ?hgﬁtm'?ﬁi E%&@gé%ieg%%%&??he surface of a rotating disk,

| ayers of the thiadast andrsetondigipdlayerabeihgaaniwiched betseeh duefirst ahdh scabndk
damaged. Isbh\i\agrd be desirable if the depth of the volune 112 could be

recessed f YeISto the head from the ABS, however, this would
interfere with the magnetics of the head by changing

3. A magnetic disk drivé including the head as claimed in claim 2, the
drive comprising:

a frame;

a magnetic disk rotatably siupported on the frame;

a support mounted on the frame for supporting the combined head in a
transducing relationship with the _magnétic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the combined head t6
multiple positions with respect to said magnétic disk; and '

means connected to the head, to the means for rotating the magnetic disk and
to the positioning means for exchanging signals with the combined head, for
controlling movement of the magnetic disk and for controlling the position of the -

combined head.

4, A write head as claimed in claim 1 wherein the insulation stack is

.composed of photoresist and the overcoat layer is composed of alumina.

5. A write head as claimed in claim 1, including:
the second pole tip having first and second side walls which are substantially
perpendicular to the ABS and which are laterally spaced to define a track width of the

write head;



t‘.he"‘ZTH. Because of the. very small volunme of the OW t he
fhead devel ops cracks 114, particularly at the inside corners ﬁ* a“e
s of
J

second pole tip, as shown in Fig. 5. . Figs. m‘ﬁ
the present invention. The combi ned heaqy120 and itm i i.on

121 are the sane as the prior art except the front edge ‘of “the insulation
stack and a correspondi ng adj acent internal edge of the overcoat |ayer are
reconfigured so as to mnim ze cracking of the head at the ABS, as. shown in

Fig. 10. The AR bentrahedge efithe insulation stack gxignding leferatlydeypndeachirfsaidends
per pendi culLarly.to he, di rectjon of di-a .novenent (see Fig. 1) and has a
| engt h di réﬁ%? Sehen ﬁldeeY?li%Béﬂﬁaﬁﬁﬁ?ﬁPO dRhe to the direction of media
novenent. As shown in Figs. 11-13, the front edge of the specially

reconfigured first insulation layer 122 has a central _edge portion 124 and
first and seconé | at Aratitechipd gsovaimedsin khdmah wherein sxidecenigl pdge extands

portion 124 enconpasses,t econd pole tip and extends laterally with
respect tg‘a{faﬁangA%%S@ﬂ%‘& ES-OII S Bnce from both sides of the first and second

wal | s 96 and 98 of the second pole tip, as shown in Figs. 11 and 12. The
| ateral distance is preferably in the range of 6-7 [err]m If the distance
between the side wal Aswite thead ps|ddainied insclaimt havhsrainrsast laterabedges arehen
the total |engt f the.front edge 124 is about 12-14 [err]m The first and
second |at@F%$e<£a‘8¥£mE§’éY§§ﬂﬂf’zs of the first insulation |ayer 122 extend
| aterally with-respect to the ABS and parallel to the-ABS in-both
directions fromthe :

8. A wrrite head as claimed in claim 1, including:

the insulation stack having first, second and third insulation layers;

the first insulation layer being located on the first pole piece, the coil layer
being located on the first insulation layer, the second insulation layer being located
on the second insulation layer and the third insulation layer being located on the
second iﬁsulation layer; and

one of the insulation layers having said central edge to deﬁne_ s_aid zero throat

height.

9 A write head as claimed in claim 8 wherein said one of the insulation

layer is the first insulation layer.

10. A write head as claimed in claim 1, including:

the coil layer having a laterally extending substantially flat front edge which
is recessed from and substantially parallel to the ABS; and -

said central edge and said first and second lateral edges of the insulation stack
being substantially paraliel to the ABS and located between the front edge of the coil
layer and said ABS.



-10-" central front edge 124. The lateral edges 126 and 128 are recessed
feurther fromthe ABS than the central edge 124. |t—shoutd be noted that the -
| at eral edges 126 and 128 are substantially flat vvh o the
flat front edge 106 of the coil |ayer. The extent o ﬂ& LﬂLWﬂmstance
of each of the lateral edges 126 and 128 i s depende rsecessed
di stance of the front edge 106 of the coil layer. The lateral edges 126 and

128 nust be | ocated between the S apd the front ed of the,coil,layer so
as to permt coﬁ’dl- et eAé?YFé%g@G‘EéfF ‘?f?“’c‘F\lé‘n&éblwq}eé?ﬁgﬁ%§eritﬁ2efk’n%ﬁ‘i’%% F%
stack. The aass f v nd
128 fromthégkgé ‘i’%—gf on- th(g[ g{edﬂn S‘%?&?%&:thraﬁg% E%gfn?gclgg%g? 1é%llggtlgnce
of the centsobdtarsidlly e‘qﬂdl 106y ldmgthoof ﬂfeefrmtcmloem‘f the 2ojl dayehm Weth this
arrangenment the central edge 124 defines the ZTH of the head at 1-2 [err]m
and the | ateral edges 126 and 128, which are not required to define the
ZTH, are furtherp,recegsagiel filg 4Qailk méi fin 1110 B%r‘éﬁgﬁﬁlﬂgulgﬁoﬁ*%%\c 'Is

| ayer may have - a fateral expanse on the or er of err ccordi ngly,

t he centr alcoppgsedl@plancresiseanditter @lercdg fyel 2ocanpostd dfplahinaabl y have a
simlar |ateral extension of substantially 80 [err]m Since the majority of
the front edge of the first insulation |layer 122 has been recessed further

| noreased, s’ shdan 55 Benepd i SR iR a1 fheBBel T 2% ot TU chock

absor ber of i npakd sécaa&i ipdte @ hhving ABst diidedelsonside walls wmeﬁ aﬁaasuusaxsﬁauxllo at
the ABS is substantlally el i'm nated, as shown in Fig. : 14 is

a graph showmgdmebutq the5BS gnd mlngplwrctlaienaampamdttn dpﬁn@a track Vﬂcmi-Ofgbh ni ng

i nsul ati on g?lr S1-83 qconpar ed to the present invention which reconfigures

the front &¢ ’t%g ZTH defining insulation |ayer to accommopdate

addi tional al umsga c@ﬁu&l@ﬁ@bﬁﬂﬁqﬁu&twﬁtacld éxtéiﬂﬁh@l%téiﬁ%ﬂbéy‘bﬂa edth gpéHier r] G,
e

cracking of the head at t
first and second side walls of the second pole tip.

14. A combined head including the write head of claim 13, the combined
head including: _

a magnetoresistive (MR) stripe and first and second gap layers;

the MR stripe being sandwiched between the first and second gap layers;

first and second shield layers; and _ _

the first and second gap layers being sandwiched between the first and second

shield layers.

15. A magnetic disk drive including the head as claimed in claim 14, the
.drive comprising: |

a frame;

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the combined head in a
transducing relationship with the magnetic disk;

means for rotating the magnetic disk;



|s Yive times nore likely with the prior ‘art head (dashed |ine) as conpared
oto the present wite head (continuous line). - A nethod of nmking the
‘present inductive wite head is shown |n Fig. 15. The ZTH-defining

phot oresi st |layer is spun on the first Ie pi ece. | ayer is
then masked with a mask which has a cen front Hﬂmum"mulu “ e ZTH
and first and second | ateral front edges V\/m ch are recessed®frdmt he ZTH
Light is then i maged t hrough the mask onto the photoresi st Iayer,
after which theopifighoaatals doniiedted fo thevsappre dorundvingr tile kakbinedAidadrto

form ng the other i nsul ati on | ayers, the overcoat layer is fornmed on the
ZTH def i nlmigtlplﬁsnﬂsannmnﬂa;@pe%rtwmdlmggrmcl%l? é@ded” vol ume of. the overcoat

| ayer adjacent the ABS f

Clearly, other %%?BB&P ﬁ“?ed t?ntgé ﬁ%@ 3&5@1{ &%ﬁ'@%f%%@&ﬁ%gggﬁ%‘# @\nﬁ occur
readily t o tthesgositioriglimédny fofi exchafiginBesighalsi withi thy ebmblirdehéshcforngs.
Therefore, this invention is to be limted only by the follow ng clains,
whi ch | nckorieolling mexementins dhesnagnctin distoand foteonsralling dbe ppaken qlrfhe
conj uncti QQmWineQ hg above specification and acconpanyi ng draw ngs.

16. A write head as claimed in claim 13, including:

the insulation stack including first, second and third insulation layers;

the first insulation layer being located on the first pole piece, the coil layer
being located on the first insulation layer, the second insulation layer being located
on the second insulation layer and the third insulation layer being located on the
second insulation layer; and _

one of the insulation layers héving said central edge to define said zero throat

height.

17. A write head as claimed in claim 16 wherein said one insulation 1ayer

is the first insulation layer.

18. A write head as claimed in claim 17 wherein said lateral edges are

recessed substahtially 6-7 pm.

19. A write head as claimed in claim 18 wherein said central edge extends

laterally substantially 12-14 pm.

20. A combined head including the write head of claim 19, the combined
head including: '
a magnetoresistive (MR) stripe and first and second gap layers;

the MR stripe being sandwiched between the first and second gap layers;



«12-

Lthin filmmgnetic wite head with an air

of the head, _ (
extends perpendicularly to a direction,of media novenent and a Ienﬁt

di mensi on whi ch extends parallel to salff directi on o l“mmﬂu'muﬁﬂt
write head conpri sing: a coil layer and an |n
| ayer bei ng enbedded in the insulation stack; “and

coil

pol e pi eces;

CLAI M5 WE CLAI M

1. A

bearing surface (ABS) at an end
the ABS having a laterally extending width dinension-whieh

t he

ol o pi eces. bdhatHErIopsd 8%y st Being fenvighad bapweeththe i egon

second pehield lapé&rsr espectively which are separated-by the gap layer at the

ABS

21. A magnetic disk drive including the head as claimed in claim 20, the
drive comprising:

a frame; '

a magnetic disk rotatably supported on the frame;

‘a support mounted on the frame for supporting the combined head in a

-transducing relationship with the magneﬁc disk;

means for rotating the magnetic disk;

h

“lLt he

*second

first and seigend skigldalayers; stdick bei ng sandwi ched bet vveen the first

cond
rst and

positioning means connected to the support for moving the combined head to

multiple positions with respect to said magnetic disk; and
means connected to the head, to the means for rotating the magnetic disk and

to the positioning means for exchanging signals with the combined head, for

- controlling movement of the magnetic disk and for controlling the position of the

combined head.

22. A method of making a ZTH-defining insulation layer of a magnetic
recording head comprising the steps of:

spinning a ZTH-defining photoresist layer on a first pole piece layer: |

masking the photoresist lay_er with a mask which defines a central edge

recessed from an ABS and first and second lateral edges which are further recessed

. from the ABS, a location of the central edge defining the ZTH;

light imaging the photoresist layer through said mask;
developing the photoresist layer; and

hard baking the photoresist layer.



?an'overcoat | ayer covéring the coil layer, the i.nsulation stack, the first
+ and second pol e pieces and the gap | ayer, ———t+he{Hi+st—and second pole
tips, the gap |layer and the overcoat |ayer having forward surfaces which
forma portion of the ABS; t he 'nsulalua Hu Hﬂ "uu a laterally
extending, centrally |ocated neck pofﬂ on di "Me first and
second pole tips, the neck portion having a forwardly |located, laterally

extending central edge recessed fromthe ABS and defining a zero throat
hei ght ; 23.t he Al methbadbf arakirigahé nfagnttierectitinggeadiindudiagdhs metod
| at er al | (gxtending | at eral edges on each side of the central edge;

sai d | at¥ratinpdgcdiegasthed comprsing thesteRt: f rom t he ABS than said centra
edge; and : : , ol : whi ch interface
said central fé) géﬁéﬁ%gﬁlggﬁ}é?}igﬁ% secgggﬁfﬁgtqg?tg uﬁﬁ% gr'of the insul ation
st ack. ' : - 13- 2. A
conbi ned head including the wite head of claim1, the conbi ned head

i ncl udi ng: ' :



a_fragnetoresi stive (MR) stripe and first and second gap | ayers; t he
MR stripe being sandwi ched between the first and second gap | ayers;

first and second shield | ayers; and the first and second gap | ayers
bei ng sandw ched between the first and second shield | ayers. 3.

A magnetic disk drive including the head as clainmed in claim2, the drive

conpri si ng: a frane; a magnetic disk rotatably supported on

t he frane; a support nounted on the frame for supporting the

conbi ned head in a tranCRACKRREISTANINMAGNETIC WRETEEFAD| ¢ di sk;

- nmeans for rot at i ng t he magnetic di sk; positioning neans connected to
t he suppor Vi ng the conbi ned head to nultiple positions wth respect

For “rotati ng.t hbiEkeAE: of e iaRAteg 165 (LoD bR SeTAs We4A® fopac BREHhng ng
i ok and t DR Eﬁ%‘ﬁ FIS e Toufy Brinirisedi BB chaagrovercoar (A ©
of "phot or ce9{ VR pRERt Ly Eh B teko MR Bade CTA b Ugel e R et dock O

insulation layer (122) has a central portion (124) which is centered with respect to the

seeond pole tip and first and second lateral portions (126, 128) which are on each side of
the front portion and parallel to the ABS. The front edge portion is recessed from the
ABS a distance ap;iropriate for defining the ZTH between the first and second pole
pieces of the write head. The first and second lateral edges are further recessed into the
head so as to increase the volume of the overcoat layer between the ABS and the first
and second lateral edges.

Figs. 9 - 13

is Sheet Has Been Reiaced

N



+5?’ A wite head as clained in claim1, including: t he second pol e
“tip having first and second side walls which are substantially
perpendi cular to the ABS and which are laterally spaced to define a track

wi dth of the wite head;
edge of the insulation stack extending |aterally

-14- said centra
beyond each of said first and secongyside walls of the second pole tip.
6. A wite head as clainmed in claim5 wherein said central edge extends
laterally substantially 12-14 [err]m 7. A wite head as
claimed in claim_1 wherein sald | at eral edges are recessed sugftantially
6-7 [err]m 0
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8.} A wite head as clained in claim1, including: the insul ation

~stack having first, second and third insul ation |ayers; the first

insulation | ayer being |located on the first pole piece, the coil |ayer
being located on the first insulation |ayer, the second insulation |ayer
being | ocated on the second insulation |layer and the third insulation |ayer

being | ecated on the second insulation |ayer; and one of the

i nsul ation | ayers having said centralq?pge to define said zero throat

hei ght . 9. A wite head aS’clainmed in claim8 wherein said one
of the insulation layer is the first insulation |ayer. 10. A
wite head as clained in claim1, including: the coil layer having a
| aterally extending substantially flat front edge which is recessed from
and substantially parallel to the ABS; and said central edge and

coil layer and said ABS.

Cf
T
l

said first and secon ateral edgqghof t he insul ati on stack being
substantially paralle¢ to the ABS r d |l ocated between the front edge of the
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15, A wite head as clainmed in claim10 wherein the central edge and
first and second | ateral edges of the insulation stack have a conbi ned

| ength which is substantially equal to a length of the front edge of the
coil layer. 12. A wite head as clainmed in claim11l wherein the
I nsul ation stack is conposed of photoresist and the overcoat |ayer is
conposed of al um na. 13. A wite head as clained in claim12,

i ncl udi ng: the second pole tip having first and second side walls
whi ch are substantially perpendicular to the ABS and which are laterally
spaced to define a track-width of the3/#ite head; and said central
edge of the insulation stack extending |laterally beyond each of said first
and second side walls of the second pole tip. 14. A conbi ned
head including the wite aim 13, the conbi ned head i ncl udi ng:

a magnet oresistive (r“’l! r and second gap | ayers; t he
e/ fY rsggqand second gap | ayers;
v 64 . .

MR stTipe being sapdyichg
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fLrSt and second shield layers; and the first and second gap | ayers
bei ng sandw ched between the first and second shield |ayers.

A magnetic disk drive including the head as clained in claim 14,

conpri si ng: a frane; a magnetic disk rotatably supported on

t he frane; a support nounted on the frame for supporting the

conbi ned head in a transducing relationship with the nmagnetic disk;

means for rotating the magnetic disk;

- 16- positioning nmeans connected to the support for noving the
conbined head to nmultiple positions with respect to said magnetic di sk; and

means connected to the head, to the mgaps for rotating the nagnetic disk
and

t he driVe

& 8
e O
-
/F"-L
i (Vo)
- |: ,—-\. -8
(2]
ne
o I »—-on
o] [T2]
N
o , . f'*._-g)
w ]
(2]
X L__a
o
o™~ -
N
2 b
(V8

FIG. 9

120 \
' READ
HEAD

WRITE
HEAD
121



to-the positioning neans for exchanging signals with the conbi ned head, for
control ling novenent of the magnetic disk and for controlling the position

of the conbi ned head. 16. A wite head as clained in claim13,
i ncl udi ng: the insulation stack including first, second and third
I nsul ation | ayers; the first insulation |ayer being |ocated on the
first pole piece, the coil |layer being located on the first insulation

| ayer, the second insulation |ayer bei mgy7l ocated on the second insul ation
| ayer and the third insulation | ayer being | ocated on the second insulation
| ayer; and one of the insulatier=Jayers-having said central edge to
define said zero throat height. 17. A wite head as clained in
claim 16 wherein said one insul#t) Nirst insulation |ayer.
18. ‘A wite head as cl ai ned/ z ai dogsat eral edges are
recessed substantially 6-7 [£rf) ‘
in claim 18 wherein said ceftf 4
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20~ A conbi ned head including the wite head of claim 19, the conbi ned
head i ncl udi ng: a magnetoresistive (MR) stripe and first and second
gap | ayers; the MR stripe being sandwi ched between the first and
second gap | ayers; -17-

first and second shield |ayers; and the first and second gap | ayers
bei ng sandw ched between the first and second shield |ayers. 21.
A magnetic disk drive including the head as clained in claim?20, the drive
conpri si ng: a frane; a n&?ﬁetic di sk rotatably supported on
the frane; a support nounted on the franme for 'supporting the

conbi ned head in a transducing relationship with the nmagnetic disk;
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means for rotating the magnetic disk; posi ti oni ng means connected to
t.he support for noving the conbined head to nmultiple positions with respect
- to said nagnetic disk; and means connected to the head, to the means
for rotating the magnetic disk and to the positioning neans for exchangi ng

signals with the conbined head, for controlling novenent of the magnetic

disk and for controlling the position of the conbined head. . . 22.
A et hod of nmaking a ZTH defining i nsulfti on | ayer of a nagnetic recording
head conprising the steps of: spinning a ZTH defi ni ng phot or esi st
| ayer on a first pole piece |ayer; maski ng the photoresist |ayer with

a mask which defines a central edge recessed froman ABS and first and
second | ateral edges which are further recessed fromthe ABS, a |ocation of

the central edge defining the ZTH, | i ght i magi ng the photoresi st

| ayer through said mask; devel oping fhe_phe+qresist | ayer; and

hard baki ng the photoresist | yegpiN zTH DERINING _
PHOTORESIST LAYER

ON FIRST POLE PIECE

l

'MASK THE PHOTORESIST
LAYER WITH A CENTRAL
FRONT EDGE TO DEFINE
THE ZTH AND FIRST AND
SECOND LATERAL FRONT
EDGES RECESSED
FROM THE ZTH

|

LIGHT IMAGE THE ' i
PHOTORESIST LAYER ; -
THROUGH THE MASK

\
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23. A nethod of making the magnetic recording head including the nethod

of _cl aim 22, ‘the nethod conprising the step of: fornmi ng an aldxithad -
| ayer on the ZTH defining insul ation'|ayer. me
' 19

CRACK RESISTANT MAGNETIC WRITE HEAD

ABSTRACT

{The front edge of the insulation layer (122) that defines the zero throat height
(ZTH) is selectivély reconfigured so as to increase the volume of the overcoat (110)
layer which interfaces with the reconfigured edge. The front edge of the ZTH-defining
insulation layer (122) has a central portion (124) which is centered with respect to the
second pole tip and first and second lateral portions (126, 128) which are on each side of
the front portion and parallel to the ABS. The front edge portion is ;ecessed from the
ABS a distance appropriate for defining the ZTH between the ﬁrst. and second pole
pieces of the write head. Thé first and second lateral edges are further recessed into the
head so as to increase the volume of the overcoat layer between the ABS and the first

and second lateral edges.
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